I
n this issue of the Journal of Neurosurgery, Macyszyn and colleagues present a comparative analysis of direct, indirect, and combined revascularization techniques for moyamoya disease in adults and children based on data culled from the available English-language scientific literature. 20 They conclude that outcomes after direct revascularization are significantly inferior compared with outcomes after the other two surgical approaches in both patient populations. The authors should be congratulated for attempting to address the controversy regarding the preferred revascularization procedure for moyamoya disease.
In our own experience, direct revascularization for moyamoya disease is a very well-established technique, and a number of authors have described excellent results in both adult and pediatric populations. 4, [7] [8] [9] 13, 14 The main advantages of direct anastomosis over indirect procedures are the ability to augment flow immediately after surgery, a more consistent and higher extent of angiographic collateralization, 2, 3, 5, 10, 12 and superiority in restoring post-bypass cerebrovascular reserve capacity. 1, 11, 12 In their comparative analysis of adult patients, the authors included 6 adult series (one of which was our Stanford series), in which 762 cases had direct bypasses and 1524 had indirect bypasses. The perioperative risks of death, ischemic stroke, and intracranial hemorrhage were very similar between the two groups. However, the long-term risk of ischemic stroke in the indirect bypass group (10.5%) far exceeded that in the direct bypass group (1.4%). Interestingly, the authors stated that meta-regression analysis showed no significant increased rate of stroke or hemorrhage with length of follow-up but did not quantify further with regards to which intervention group they were addressing. Additionally, they stated that "indirect revascularization results in over one-half a QALY more than the direct option during the 4-year follow-up. This difference is highly statistically significant (p < 0.001)." However, in analyzing the authors' Table 4 , the expected QALYs in adults at the 4-year follow-up were 3.502 for the direct bypass group and 3.553 for the indirect bypass group; thus, a difference of a 0.05 QALY was obtained. Although this difference might be statistically significant, whether this translates into clinical significance is doubtful. Therefore, based on the data presented by the authors, we believe that direct bypass is still a better revascularization procedure in adults, especially in view of the lower long-term stroke risk.
With regard to the comparative analysis in the pediatric cohort, 34 series, including 1900 cases, were included (1526 indirect bypasses, 258 combined procedures, and 116 direct bypasses). The authors then concluded that combined and indirect approaches are both superior to direct revascularization based on the analysis performed in the pediatric population. However, we would like to reiterate that in combined procedures, patients undergo a direct and an indirect component of the revascularization in the same setting. Therefore, the direct component would provide an immediate increase in cerebral perfusion, while the indirect collateralization would take months to form. This is also the case in most direct procedures, wherein after direct superficial temporal artery to middle cerebral artery bypass, the perivascular cuff forms indirect collateralization as seen on follow-up angiograms. Therefore, in our opinion, a more suitable analysis would have been to include the direct and combined groups as a single group to compare with the indirect group, as reported by other authors.
this comparative analysis, we also would like to highlight inconsistencies. Several publications by Kim et al. were included, [15] [16] [17] [18] [19] and while some of the series were from different time intervals, there were patient cohorts that were counted multiple times, which were assumed to be different in view of the different publications. We also note that in some of the larger series, for example by Duan et al., 6 in which the majority of the patients underwent indirect revascularization, no distinction in outcome was made based on the type of bypass. It is therefore unclear how the authors of the present paper would be able to distinguish between them for the analysis performed.
We agree with the authors that a randomized controlled trial comparing direct and indirect bypass for moyamoya disease would be the best method for determining the superiority of revascularization technique, but it is unlikely this will be done. However, the recent publication of the prospective, randomized controlled study, the Japan Adult Moyamoya Trial, comparing clinical outcomes of direct extracranial-intracranial bypass and no surgery for patients with hemorrhagic moyamoya disease, demonstrated a statistically significant benefit for direct revascularization in terms of both recurrent bleed rate and all morbidity.
21 In the absence of a similar randomized trial comparing indirect bypass with no surgery, the procedure of choice for hemorrhagic moyamoya disease should be direct bypass.
A very recent study from Japan 12 that very elegantly addressed a similar topic included 358 revascularizations in 236 patients (adults and pediatrics), together with a systematic review of 2032 cases of direct/combined revascularization and 4171 cases of indirect revascularization. The authors concluded that the postoperative stroke rate was comparable between the different surgical strategies but that the recurrent stroke risk was higher in the indirect bypass group. Despite the fact that direct bypass is more technically challenging than indirect bypass, experienced centers that frequently perform direct anastomoses become proficient with the direct technique. Therefore, at Stanford and many other centers, direct bypass is still the preferred revascularization strategy for most patients with moyamoya disease. However, in young children (who possess robust angioplasticity) and in other select cases in which no suitable donor or recipient arteries are available, indirect procedures remain our treatment of choice. 
